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WAR
NING While I am under instrumentation,  I am actually an observer….
Why should I care about PDI?
PDI provides high SNR and best 
IWA for scattered-light observations
Benisty et al. 2015, Stolker et al. 2016, Garufi et al. 2016, Ohta et al. 2016, Wolff et al 2016, Olofsson et al. 2016, Rich et al. 2015, Rapson et al. 2015a, 
2015b, Pinilla et al. 2015, Thalmann et al. 2015, Follette et al. 2015, Momose et al. 2015, Millar-Blanchear 2015, Hung et al. 2015, Perrin et al. 2015
Why should I care about PDI?
~15 other observations that are yet 
to be published (that I know of)
Benisty et al. 2015, Stolker et al. 2016, Garufi et al. 2016, Ohta et al. 2016, Wolff et al 2016, Olofsson et al. 2016, Rich et al. 2015, Rapson et al. 
2015a, 2015b, Pinilla et al. 2015, Thalmann et al. 2015, Follette et al. 2015, Momose et al. 2015, Millar-Blanchear 2015, Hung et al. 2015, Perrin et al. 
2015; Hashimoto et al. 2011, 2012; Kusakabe et al, 2012; Grady et al. 2013; Follette et al. 2013, 2014; Muto et al. 2013 Garufi et al. 2013, 2014; 
Quanz et al. 2011, 2012a, 2012b, 2013; Canovas et al. 2013; Avenhaus et al. 2014a, 2014b; Milli et al. 2014l; Tanii et al. 2012, Mayama et al. 2012
okay… but why should I care about scattered light?
Scattered light probes a 
different regime than 
(sub-)mm observations, 
completing the picture
Scattered light gives 
information about the 
energy influx into the disk 
(shadowing effects)
optical light
Casassus et al. 2015, Avenhaus et al. in prep., Marino et al. 2015
How does PDI work?
Light from star  
(Stokes I)
Stokes Q
Stokes U
Stokes P
Instrument Data reduction
Calculating Qθ and Uθ
Canovas et al. 2015
Often done and very helpful: 
Deconvolution into Qθ and Uθ
• Qθ unbiased estimate of P
• Uθ estimate of noise
However, Uθ is not necessarily expected 
to be zero
• Can be non-zero for inclined disks / 
multiple scattering
• Still a lot smaller signal than Qθ
• In case of symmetric disks, total sum of 
Uθ is zero
PDI in practice: GPI and SPHERE
Gemini Planet Imager at  
Gemini South
SPHERE at VLT with IRDIS and 
ZIMPOL instruments
Main benefit over older instruments: Better adaptive optics (AO)  
 
VLT/NACO, 2012, ~0.8” seeing: ~45% Strehl ratio in H-band 
VLT/SPHERE, 2016, ~2.5” seeing: ~68% Strehl ratio in H-band
>90% Strehl in ideal conditions (bright star), good results for R=12 stars (SPHERE), I=9.5 
limit for GPI
PDI in practice: GPI and SPHERE
High Strehl plus good coronagraph -> High SNR results
GPI SPHERE/IRDIS
PDI Challenges: Polarization
PDI measures polarization, which 
means:
• Only sees reflected light, not emitted 
light (planets!)
• The achieved contrast must be higher 
(only a fraction is polarized)
• Interstellar and instrumental polarization 
have to be calibrated (needs assumption 
that star is intrinsically unpolarized)
• More parameters needed in reduction
unpolariz
ed
polarized
polarized
PDI Challenges: De-polarization from 90 degree reflections
SPHERE/IRDIS PDI: 90-degree reflections cause de-polarization depending on the de-
rotator angle  
 
Strongest in H and K bands
Challenges of PDI: Accurately determining flux
Q and U (no PSF)
P (no PSF)
Challenges of PDI: Accurately determining flux
Q and U (no PSF) Q and U (with PSF)
P (with PSF)
Challenges of PDI: Accurately determining flux
Theoretical data convolved with VLT/NACO PSF
High Strehl ratio doubly important for PDI!
Correcting PDI flux loss
Qθ before flux 
correction
Qθ after flux 
correction
Avenhaus et al. in prep.
Conclusions
PDI is a very strong tool for the understanding of scattered light in 
protoplanetary and debris disks
Scattered light is highly complementary to (sub-)mm observations
Polarimetry introduces a set of new challenges:
• Polarimetry is sensitive to reflections, of which we have a lot in telescopes
• Have to calibrate interstellar and instrumental polarization
• Flux calibration intrinsically difficult (think about it very hard - or don’t even think 
about it)
• Instrumental issues can lead to de-polarization  
It is not easy, and we are still learning, but we are getting  
there - and it is worth it!
